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Exam General Instructions 

There are 12 multi-component exercises/projects on this exam. Each of the multi-component numbered 

exercises/projects (problems) is worth 25 points. Hence, the exam is worth a total of 300 points. You are 

required to explicitly show all equations, numerical calculations and associated units. All points are 

associated with explicitly showing all your work and no points are awarded for just determining the correct 

numerical answer.  All assumptions need to be clearly and concisely stated.  If thermodynamic parameters 

are used, the citation, reference or link to where this thermodynamics data came from must be stated.  

Appropriate units should be associated with all numerical problem solving.  The completed exam should 

be typeset (no handwriting of equations or numerical values and associated units).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total Points (300 possible): _________ 
(Replace the three midterm exams) 

 



 

 

1. (A) Calculate the change in enthalpy (ΔH) for 1.0 mol of nitrogen dioxide (NO2) initially at a volume 

of 10.00 L and a temperature of 25oC to a final volume of 20.00 L and a temperature of 50oC.  Explicitly 

state all assumptions along with a justification for any and all assumptions made.  Express your answer in 

units of kilojoules per mole (kJ/mol). 

(B) Nitrogen dioxide (NO2) exists in equilibrium with dinitrogen tetroxide (N2O4).  The equilibrium is 

characterized by ΔH = -57.23 kJ/mol.  What is the expected equilibrium concentration of NO2 and N2O4 

gas at the initial and final conditions from above (part-A)?  Explain how this equilibrium effects the gas 

expansion process given in part-A, and re-calculate the change in enthalpy. 

 

2. Each student has been assigned a common gas or volatile liquid compound.  (A) Do you expect the 

compound you have been assigned behave like an ideal gas at standard temperature and pressure? (This 

can be quantified by comparing the pressure of the compound using the Van der Waals equation of state 

to that of the ideal gas equation of state). The Van der Waals equation of state is one of the most common 

used to understand the behavior of real gases. (B) Determine the critical temperature (Tc) and critical 

pressure (Pc) for the assigned compound. (C) Make a P-V Plot (Pressure vs Volume Graph) and show an 

isotherm of the real gas equation of state 20oC above, 20oC below and at the critical temperature. (D) 

Graph the same three isotherms that were plotted in part (C) but using the ideal gas law.   

 

3. Consider the following sequential reaction scheme: 

 

(A) Plot (Graph) the concentration profiles ([A], [I] and [P] versus time) for the above sequential 

reaction where the rate constant for A→I is 0.75 inverse seconds and one-half the rate of I→P (i.e., kA = 

½ kI = 0.75 s-1).   

(B) Determine the time at which [I] is at a maximum for the above sequential reaction, i.e., kA = ½ kI = 

0.75 s-1.  

 

4. The thermodynamic properties of foods can be discussed in terms of the enthalpy of combustion per 

gram of food.  Do you get more energy from the metabolism of one gram of sugar or one gram of fat? 

Answer this question quantitatively and with as much thermodynamic detail as possible.  Use two of the 

following three methods to quantify your answer: (A) arithmetic method, (B) calorimetry, and/or (C) 

computational.   

 

5. Show graphically the variation with pH of the composition of a 1.0 millimolar (1.0 mM) aqueous 

cysteine solution. Try to minimize assumptions and calculate all concentrations as accurately as possible. 

Show all your work and state any assumptions.  Label axes on all plots and provide detailed figure 

captions. 

 

 



 

6. (A) Calculate the standard potential of the cell 

Pt (s) | cysteine (aq) , cystine (aq) || H+ (aq) | O2 (g) | Pt (s) 

(B) Calculate the standard Gibbs energy and enthalpy of the cell reaction at 25oC. 

(C) Estimate the value of the Gibbs energy of the cell reaction at 35oC. 

 

7. In acidic conditions, benzyl penicillin (BP) undergoes the following parallel reaction: 

 

In the molecular structures, R1 and R2 indicate alkyl substituents.  In a solution where pH=4, the rate 

constants for the processes at 22oC are k1 = 0.180 s-1, k2 = 0.140 s-1, k3 = 0.03 s-1. (A) What are the percent 

yields for P1, P2, and P3 formation?  

(B) The temperature dependence of the acid-catalyzed hydrolysis of penicillin is investigated, and the 

dependence of k1 on temperature is given in the following table: 

 Temperature (oC)  k1 (s-1) 

 21.0    0.160 

 28.2    0.190 

 36.1    0.220 

 43.8    0.270 

 64.7    0.460 

 

What is the activation energy (Ea) and Arrhenius pre-exponential factor (A) for this branch (P1) of the 

hydrolysis reaction?  

 

8. The concentrations of the principal ions in a sample of intracellular fluid are 15.0 mM for sodium 

chloride, 10.0 mM for potassium chloride, 3.0 mM for sodium hydrogen phosphate, 2.0 mM for 

magnesium phosphate tribasic, and 1.0 mM for potassium nitrate.  Calculate the ionic strength of the 

intracellular fluid. 

 
 



 

 

9. (A) As accurately as possible, calculate the change in enthalpy and entropy for the process of taking an 

ice cube (you can assume a typical ice cube is 1 in3) out of your freezer at -20°C and heating at atmospheric 

pressure to a final state of steam at 120°C.  (B) Represent this process graphically using a change in 

enthalpy versus temperature plot and a change in entropy versus temperature plot. Full credit given to 

clear, understandable graphically representations of the problem and associated solution.  

 

 

10. The sequestration of carbon dioxide is critical to reducing greenhouse emissions.  Taking a lesson 

from planet earth, which stored carbon dioxide as alkali and alkaline earth metal carbonates over 

geological time scales, let's determine which alkali or alkaline earth metal oxide most stably stores carbon 

dioxide as a carbonate. So, consider the decomposition of group I (alkali) and group II (alkali earth) solid 

carbonate, to form solid metal oxides and gaseous carbon dioxide. (i) Calculate the temperature at which 

the decomposition is thermodynamically favorable under standard pressure conditions.  (ii) Which of the 

group I and group II carbonates would you pick to most stability sequester carbon dioxide?  (iii) Plot the 

change in Gibbs free energy versus temperature for the various group I and group II carbonates to 

graphically show the stability of these carbonate. 

 

 

11. In green sulfur bacteria, hydrogen sulfide (H2S) is the agent that brings about the reduction of carbon 

dioxide to carbohydrates during photosynthesis.  Calculate the molar concentration of H2S, HS-, S2-, 

H3O+ and OH- in 55.0 mM H2S (aq). 

 

 

12. Find a recent journal article in the scientific literature that discuss the concept and implications of 

biological catalysis in confined spaces as a model for enzymatic activity in cells. An example of such an 

article is available in the following link: https://onlinelibrary.wiley.com/doi/pdf/10.1002/cphc.201800058 

Provide a citation and summarize the scientific manuscripts key results and conclusions. 

 

 

 

Extra Credit 

Over the last few years, hemp seems to be a growing social and medical topic.  The primary active 

pharmaceutical ingredients (API) in hemp plant and associated extracts is the general class of chemical 

compounds called cannabinoids.  The most notable cannabinoid in hemp is cannabidiol (CBD).  The 

majority of cannabinoids produced from the hemp plant are found in a carboxylic acid form.  This includes 

CBD, which is actually found as cannabidiolic acid (CBDA) in living hemp plants.  The process of going 

from CBDA to CBD is decarboxylation.  To date, the thermodynamics and kinetics of decarboxylation in 

CBD has not been studied rigorously.  However, the great thing about thermodynamics of such a common 

reaction, like decarboxylation, is that it is still possible to estimate the expected thermodynamics energies 

based on (i) computational analysis, (ii) arithmetic methods or based on (iii) comparison to 

decarboxylation reaction trends in similar classes of compounds.  Using one or more of the methods 

mentioned above, (A) estimate the temperature at which you would expect decarboxylation of CBDA to 

be thermodynamically favorable. (B) Decarboxylation reactions in organic compounds are known to often 

have high activation barriers.  Hence, the thermodynamics can often be hindered by kinetics.  Suggest one 

or more potential catalysis to would potentially speed up this reaction. 

 

 

https://onlinelibrary.wiley.com/doi/pdf/10.1002/cphc.201800058
https://en.wikipedia.org/wiki/Cannabinoid

